Using two-colour flow cytometry >200 antibodies submitted to the 8 th International Workshop of Human Leukocyte Differentiation Antigens (HLDA8) have been analyzed for their reactivity with resting and activated CD203c + basophils. Four antibodies either non-reactive or weakly reactive with resting basophils exhibited an increased reactivity with basophils activated by anti-IgE-mediated cross-linking of the high affinity IgE receptor (FcεRI). These include antibodies against CD164 (WS-80160, clone N6B6 and WS-80162, clone 67D2), as well as two reagents with previously unknown specificities that were identified as CD13 (WS-80274, clone A8) and CD107a (WS-80280, clone E63-880). The activation patterns followed either the "CD203c-like" or "CD63-like" activation profile. The CD203c profile is characterized by a rapid and significant upregulation (of CD13, CD164, and CD203c), reaching maximum levels after 5-15 min of stimulation. The phosphoinositide-3-kinase (PI3K)-specific inhibitor wortmannin inhibited the upregulation of these markers whereas 12-O-tetradecanoyl-phorbol-13-acetate (TPA) induced a rapid and FcεRI-independent upregulation within 1-2 min. In the CD63 profile, maximum upregulation (of CD63 and CD107a) was detected only after 20-40 min, and upregulation by TPA reached maximum levels after 60 min. In summary, our data identify CD13, CD107a, and CD164 as novel basophil-activation antigens. Based on time kinetics of upregulation, we hypothesize that molecules of the "CD203c group" and the "CD63 group" are linked to two different mechanisms of basophil activation.
INTRODUCTION
Basophils and mast cells are important effector cells of inflammatory reactions [1] [2] [3] . In contrast to eosinophils and neutrophils, they possess high-affinity immunoglobulin (Ig) E receptors (FcεRI) that are cross-linked upon engagement of receptor-bound IgE with allergens, resulting in the release of several mediators to the extracellular space or in the transport of vesicle-bound membrane proteins to the plasma membrane [4] [5] . Although the cell surface marker profile of basophils parallels that of mast cells to a degree, basophils are identified by their strong expression of interleukin (IL)-3Rα (CD123) but not of c-kit (CD117), whereas mast cells express high levels of CD117 but not CD123 [6] [7] [8] [9] .
Basophils and mast cells originate in the bone marrow from CD34 + progenitor cells that coexpress the differentiation and activation antigen ecto-nucleotide pyrophosphatase/phosphodiesterase 3 (CD203c) [10, 11] . This anti-gen was identified as a selective cell surface marker for the basophil and mast cell lineage [10, 11] . Apart from CD203c, a number of other basophil-specific markers have been described which are expressed either on the cell surface (Bsp-1) [12, 13] or in cytoplasmic compartments (2D7, BB1) [14] [15] [16] of mature basophils. However, none of these basophil-specific markers are molecularly identified and no information exists about their expression in early basophil and/or mast cell differentiation.
Basophils challenged by allergens via the FcεRI secrete several mediators including histamine and leukotriene C 4 [17, 18] . In addition, activation markers like the granuleassociated molecule CD63 and the ecto-enzyme CD203c are upregulated to the plasma membrane in response to FcεRI cross linkage [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . These markers are now routinely used for flow cytometry-based basophil activation tests. However, the population size of activated basophils as defined by the CD63 and CD203c tests differs significantly. Thus, only a subpopulation of basophils that is sensitive to allergen-induced CD203c upregulation shows also an upregulated expression of CD63 [31] . Moreover, the kinetic profile of CD63 upregulation and the sensitivity to inhibitors and activators of FcεRI-mediated signaling differs from that of CD203c [31] . In a recent report it was demonstrated that tetradecanoyl phorbol acetate (TPA), a stimulator of the protein kinase C (PKC) pathway, accelerated and enhanced CD203c upregulation, but delayed CD63 upregulation [31] . In contrast, the phosphoinositol-3 kinase (PI-3) inhibitor wortmannin effectively inhibited CD203c as well as the CD63 upregulation [31, 32] .
Several antibodies with known and unknown specificity for cell surface antigens were submitted to the HLDA8 conference and workshop 2004. Of these, > 260 antibodies were selected to be analyzed for their reactivity with resting and activated basophils. The aim of the current work was to identify potential novel and selective markers for basophils and their activated counterparts. To address this question, resting and FcεRI-activated basophils were analyzed for their coexpression of CD203c and the antigens defined by workshop antibodies. Based on results obtained from these analyses, we provide evidence that CD13, CD107a (and to a minor extent CD107b), and CD164 are novel basophil activation antigens that follow different upregulation profiles.
MATERIALS AND METHODS

Individuals
The peripheral blood of healthy individuals was drawn after informed consent was given. Lung tissue was obtained from surgical specimens obtained from patients with bronchiogenic carcinoma (n=2). Informed consent was obtained before surgery. Tissue and blood samples were obtained and prepared following the guidelines of the local ethics committees. MC were isolated according to published techniques [33, 34] . In brief, lung tissue was cut into small pieces and then washed extensively in Tyrode's buffer. Tissue-fragments were incubated 2 times in collagenase type II (2 mg/ml) for 60 min at 37°C. After digestion, cells were recovered, washed, and examined for the presence and percentage of MC by Wright Giemsa staining. Isolated MC were cultured in RPMI 1640 medium and 10% fetal calf serum (FCS) at 37°C for at least 12 h before use in immunostaining experiments.
Flow cytometry-based basophil activation test
Heparinized peripheral blood (PB) cells (90 µl) were stimulated with either 10 µl (1 µg/ml final concentration) goat anti-human IgE antibody (ICN Biomedicals, Irivine CA, USA) or phosphate-buffered saline (PBS) for 15 min at 37°C, as previously described [19] . In selected experiments stimulation times were modified (range: 2-60 min). To stop the Ca 2+ -dependent reaction, cells were washed in PBS/20mM EDTA and resuspended in 50 µl FACS buffer (0.1% NaN 3 + 0.1% BSA in Hank's balanced salt solution). The cells were then stained by the following procedure: In a first step, cells were incubated with 10 µl of the indicated workshop mAb for 15 min on ice. After washing in FACS buffer, the cells were stained with the (Fab)' 2 fragment of a fluorescein isothiocyanate (FITC)-coupled rabbit anti-mouse antiserum (DakoCytomation, Glostrup, Denmark) for 15 min on ice. After washing in FACS buffer, the cells were incubated for 15 min on ice with a non-binding mouse IgG antibody to block free binding sites of the secondary-step reagent (Southern Biotech). Finally, the cells were stained with 10 µl (1 µg/ml final concentration) of the phycoerythrin (PE)-coupled CD203c-specific antibody 97A6 (Immunotech, Marseille, France) for 15 min on ice. In some experiments, the cells were double-stained either with 97A6-PE and anti-CD63-FITC (Becton Dickinson, Heidelberg, Germany), anti-CD107a-FITC, anti-CD107b-FITC (kind gifts of Dr. Enoc Hollemweguer, PharMingen, San Diego, CA), or anti-CD13-FITC (Immunotech). After red blood cell lysis with 100 µl Optilyse lysing reagent (Immunotech), the cells were washed, resuspended in FACS buffer, and analyzed on a FACSCalibur flow cytometer (Becton Dickinson). Modulation of antigen expression was evaluated by calculating the stimulation index (SI) as previously described [19] .
For blocking/activation experiments, 500 nM Wortmannin (SigmaAldrich, Steinheim, Germany), 500 nM TPA (Sigma-Aldrich), or 10 µM prostaglandin D 2 (Sigma-Aldrich) were used. In the case of wortmannin, PB cells were pre-incubated with the inhibitor for 15 min at 37°C prior to stimulation with anti-IgE antibody. In other experiments, PB cells were stimulated with prostaglandin D 2 or TPA for various time intervals.
Identification of antibody-defined antigens
The specificities of the submitted workshop antibodies 80280 (E63-880) and 80274 (A8) were not known. To identify the detected molecules, lysates from the basophil cell line KU-812 were immunoprecipitated with the respective antibodies. 5×10
7 KU-812 cells were lysed in 0.5 ml RIPA buffer containing 1.5 mM NaCl, 1% Triton X-100, 1% deoxycholate, 0.1% SDS, 4 mM EDTA and PBS, supplemented with 4 ìg/ml aprotinin, and 1 mM PMSF (lysis buffer). The immunoprecipitations were performed in lysis buffer using Protein Florian HENNERSDORF et al antibody, 100 μl of E63-880 antibody, or unspecific control IgG was used. The samples were separated on 10% SDS-PAGE, stained with Coomassie dye, and bands that were specifically precipitated with E63-880 or A8 antibodies but not with control antibody were cut and subjected to nanoHPLC-ESI-MS/MS analysis.
NanoHPLC-ESI-MS/MS
The interested gel bands were digested using trypsin (sequencing grade, Promega, Mannheim, Germany) and then analyzed with a Dionex LC Packings HPLC system (Dionex LC Packings, Idstein, Germany) containing the components FAMOS (autosampler), Switchos (loading pump and switching valves), and Ultimate (separation pump and UV detector). The ESI-MS/MS spectra were recorded using a high performance quadrupole Time-of-Flight (QTOF) mass spectrometer QStar (Applied Biosystems, Applera, Darmstadt, Germany), equipped with a nano-ESI source (column adapter and distal coated SilicaTips (New Objective, Woburn, USA)). The ESI-MS/MS-spectra were correlated with the NCBInr-protein sequence database using Mascot software, available online at http://www. matrixscience.com. 
Proposed
RESULTS
Reactivity of HLDA8 antibodies with basophils, mast cells, HMC-1 and KU-812 cells
A total of 262 workshop monoclonal antibodies (mAb) were tested for their reactivity with primary peripheral blood (PB) basophils, mast cells from lung tissues, as well as cells of the mast cell line HMC-1 and the basophil cell line KU-812. Tab. 1 summarizes the most relevant mAbs that were positive for either basophils or mast cells (Δ MFI > 2.5). Several markers that reacted with primary basophils but were negative on lung mast cells were identified (shaded background). In 11/17 cases, these markers were also found on KU-812 cells. In contrast, they were all negative on HMC-1 cells. The basophil-selective markers include CD62L, TRAIL R1 and R2, CCR1, CCR2, and CCR5, CXCR1, CD123 (IL-3Rα), IL-18Rα, CD244, Siglec-9, BSP-1, TLR-4, OX108, FGFR2, and FGFR3. All markers that were positive on mast cells were also expressed on basophils. These data show the identification of a variety of markers selective for basophils but not mast cells. However, none of the markers were selective for mast cells.
Reactivity of HLDA8 antibodies with resting and activated basophils
The workshop mAbs were also tested for their reactivity with resting and activated basophils. Resting basophils were defined as CD203c + peripheral blood (PB) cells incubated in PBS, whereas activated basophils were obtained by stimulation with anti-IgE antibody and were characterized by upregulated CD203c cell surface expression (CD203c ++ ). Tab. 2 summarizes selected antigens expressed on resting and/or activated basophils, including CD62L, anti-Rh 17, CXCR1, CXCR4, CCR1, CCR2, CD164, CD123, IL-18Rα, BSP-1, OX108, and LAIR. Three of these antigens were either upregulated (CD164, unknown 80274 antigen) or de novo expressed (unknown 80280 antigen) on activated basophils (Δ MFI > 2.5). In contrast, the BSP-1 antigen (80431) was downregulated on activated basophils to levels near the control value.
Identification of novel activation markers
Tab. 2 revealed that the antigens detected by mAbs 80162 (CD164), 80274 (unknown), and 80280 (unknown) were Antibody E63-880 precipitated a band of similar size that was identified as CD107a (although the published molecular mass of CD107a is 120 kD [37] , some myeloid cells express highly glycosylated forms of CD107a with the apparent molecular mass of >160 kD [54] ).
>2-fold upregulated on activated basophils. To identify the unknown specificity of mAbs 80274 and 80280, KU-812 lysates were immuno-precipitated with these mAbs, the precipitated material was then separated by SDS-PAGE, and the bands not appearing in control precipitates were cut und subjected to nanoHPLC-MS/MS analysis. The analysis of the 170 kD bands shown in Fig. 1 revealed that mAb 80274 recognizes aminopeptidase N (CD13) [35] and mAb 80280 lysosomal-associated membrane glycoprotein-1 (LAMP-1; CD107a) [36] [37] [38] [39] . 
Upregulation profiles of basophil activation markers
The profiles of FcεRI-mediated upregulation of antigens detected by workshop antibodies (CD13, CD107a, and CD164) and of the known activation markers CD63 and CD203c were compared. In addition, CD107b (LAMP-2) and the basophil-specific antibody BSP-1 were studied. CD107b was selected because it shares structural similarity and lysosomal expression with CD107a, and is upregulated in activated mast cells in a similar fashion as CD107a [37] . BSP-1 was of interest because it is the first reported cell surface marker that is highly specific for basophils [12, 13] . For these experiments, resting and activated basophils were stained with the selected FITC-conjugated antibodies and counter-stained with the CD203c-specific antibody conjugate 97A6-PE. The plots in Fig. 2 demonstrate that CD107a (A) and CD107b (B) are not expressed on the surface of resting basophils. However, a strong upregulation of CD107a is observed in a supopulation of activated basophils. In contrast, CD107b is only weakly upregulated. The profile of CD107a and CD107b parallels that of CD63 upregulation (C), indicating that CD63, CD107a, and CD107b are localized in the same intracellular compartment and are expressed by the same subset of activated basophils. Indeed, coexpression analysis of CD63 versus CD107a confirmed that these molecules are upregulated in the same basophil subpopulation (not shown). In contrast to the other molecules, CD13 (D) and CD164 (E) are upregulated on almost all basophils and their profiles parallel that of CD203c. Unlike the other markers, the BSP-1 antigen was not upregulated but it almost completely disappeared after basophil activation (F). Most likely, the antigen does not irreversibly disappear from the surface but is rather endocytosed and re-distributed to the cell surface, because maintained stimulation (>40 min) leads to a reappearance of BSP-1 antigen (not shown). After blocking free binding sites with excess mouse IgG, the cells were stained with a PE-conjugated CD203c-specific antibody (97A6), that is specific for basophils. CD107b and CD63 were stained by direct immunofluorescence using a FITC-conjugate. 50,000 cells were analyzed on a FACSCalibur flow cytometer using the CellQuest software. Differential expression of CD164 epitopes on resting and activated basophils CD164 is a heavily glycosylated sialomucin that contains three antibody-defined epitopes which are grouped into sialidase-sensitive (group I), N-glycosidase-sensitive (group II), and glycosidase-resistant (class II) epitopes [40] [41] [42] [43] . To analyze CD164 epitope expression on basophils, PB cells were stained with the class III epitopereactive antibodies 67D2 (80162) and N6B6 (80160), the class II reactive antibody 103B2, and the class I reactive antibody 105A5. As shown in Fig. 3 , the class I epitope is not expressed on any basophil subset, the class II epitope is weakly expressed only on activated basophils, whereas all basophils are positive for the class III epitope of CD164. However, the expression of this epitope is weak on resting basophils but 11 -18-fold upregulated on activated basophils. This demonstrates that CD164 epitopes are not only differentially expressed on stem cells but also on basophils. 
Kinetic profiles of basophil activation marker upregulation
To study the time course of activation marker upregulation, PB cells were stimulated with anti-IgE antibody for 2 -120 min prior to staining. Fig. 4A shows that CD203c, CD164, and CD13 reached the half-maximum upregulation already after 2 min and the plateau value after 10 -20 min. In contrast, CD63 and CD107a upregulation was delayed, the half-maximum value was observed only after about 10 min, and complete upregulation was reached after 25 -30 min. Moreover, CD107a and CD63 upregulation was detected only in a subset of activated basophils, whereas CD13, CD164, and CD203c upregulation was observed in virtually all basophils. Fig. 4B shows that the PKC stimulator TPA induced a rapid upregulation of CD203c, CD13, and CD164 on basophils. Notably, TPA-induced CD203c surface expression was observed even earlier than anti-IgE-induced CD203c upregulation. In contrast, the onset of CD63 and CD107a upregulation was markedly delayed compared to anti-IgE-induced upregulation. Indeed, half-maximum upregulation was reached only after 25 -30 min. These data suggest that the kinetic profiles of activation molecules can be divided into a "fast responder" (CD203c group) and into a "slow responder" group (CD63 group). Members of the fast responders are CD203c, CD164, and CD13, whereas slow responders consist of CD63, CD107a (and most likely CD107b).
Effect of wortmannin and prostaglandin D2 on upregulation of activation markers
To analyze whether the upregulation of activation markers is dependent on the activity of the signaling enzyme PI-3K, PB cells were pre-incubated with the PI-3K inhibitor wortmannin prior to stimulation with anti-IgE antibody. Again, Fig. 5A demonstrates that the activation marker profiles can be divided into group CD203c and group CD63 molecules. Members of the CD203c group showed a halfmaximum reduction of marker upregulation on PB cells preincubated with 500 nM wortmannin. In contrast, the upregulation of CD63 and CD107a was almost completely inhibited at this wortmannin concentration.
The receptor for prostaglandin D 2 (or CRTH2) is a molecule expressed on TH 2 cells, eosinophils and basophils [44] . Recently, it was reported that the cognate ligand, prostaglandin D 2 (PGD 2 ), potently activates the upregulation of CD203c but not CD63 [45] . In these studies, we investigated whether the studied activation markers follow one of the described kinetic behaviors. As shown in Fig. 5B , PGD 2 not only induces the upregulation of CD203c but also the other members of this group, CD13 and CD164. Also, and in line with the published data, no CD63 and no CD107a upregulation could be observed, even after one hour of stimulation with PGD 2 . These data provide further evidence of the existence of two basophil activation pathways.
DISCUSSION
Basophils and mast cells share many common functional and phenotypic features. In the bone marrow, basophils and basophil progenitors coexist with mast cells and their precursors. It is therefore a major challenge to identify suitable markers to distinguish mast cells from basophils. Several reports have shown that the α-chain of Fig. 5 (A) Effect of wortmannin on anti-IgE-induced activation marker upregulation. Heparinized PB cells were incubated with 500nM wortmannin for 15 min at 37°C prior to stimulation with 1μg/ml anti-IgE antibody. After stopping the reaction, cells were stained and analyzed as described in Fig. 2. (B) Effect of prostaglandin D 2 (PGD 2 ) on activation marker upregulation. PB cells were stimulated with 10 μM PGD 2 for 10 min at 37°C. After stopping the reaction, cells were stained and analyzed as described in Fig. 2 . HLDA workshop conference, we describe here the identification of novel surface markers that are able to distinguish basophils from mast cells. In particular, we show that CD62L, TRAIL-R1 and TRAIL-R2, CCR1, CCR2, and CCR5, CXCR1, CD123 (IL-3Rα), IL-18Rα, CD244, Siglec-9, BSP-1, TLR-4, OX108, FGFR2, and FGFR3 are basophil markers that are not expressed on mast cells. As most of these molecules are receptors, it is likely that basophils interact with different ligands than mast cells, and that basophil activation is regulated by other mechanisms than mast cell activation. Since more than a decade, flow cytometry-based assays have been developed to distinguish resting from activated basophils and to monitor activation of basophils. The most prominent markers are the tetraspanin CD63 [46] and the ecto-enzyme CD203c [47] [48] [49] . Both markers are suitable to analyze allergen-induced basophil activation and are routinely used in allergy diagnosis [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . In the search for additional markers, we analyzed a panel of workshop antibodies for differential reactivity with resting and activated basophils. In this screen, three new activation antigens were identified that were upregulated on basophils after challenge with anti-IgE antibody, including CD164 [40] [41] [42] [43] and two antibody-defined antigens of unknown specificity. The unknown antigens were identified as CD13 and CD107a by nanoHPLC-ESI-MS/MS analysis and by the specific reactivity of the respective antibodies with transfectant lines expressing CD13 [35] and CD107a [36] [37] [38] [39] .
CD63 was originally identified in the granules of platelets and described as a platelet activation marker, but later, a predominant expression of CD63 was also found in the granule membranes of basophils [46] . Activation-induced cross-linking of the IgE receptor by allergen or anti-IgE antibody leads to the activation of downstream molecules and migration and fusion of the granules to the plasma membrane. As a result, histamine and other mediators are released to the extracellular space and CD63 is translocated to the plasma membrane. Electron microscopic studies revealed that the time course of histamine release and CD63 upregulation correlates with the anaphylactic degranulation (AND) of large granules but not with piecemeal degranulation (PMD) of small vesicles [17] . As CD203c upregulation follows a different time course, it is likely that this pathway is not associated with AND. According to the time course of upregulation on basophils, the antigens could be divided into a CD63-like and a CD203c-like group. Members of the CD63 group include CD63 and CD107a, whereas CD203c, CD13, and CD164 belong to the other group. Several lines of evidence indicate that the translocation of the described activation markers from cytoplasmic compartments to the extracellular space follow different activation pathways. First, the kinetic profiles of CD107a and CD63 upregulation differ significantly from that of CD13, CD164, and CD203c. In fact, the maximum FcεRI-mediated upregulation of group CD63 molecules required a 3-fold longer activation time than that of CD203c, CD13, or CD164. Second, inhibitors and activating molecules exhibited the same effects on CD63 and CD107a upregulation but acted in a different manner on group CD203c molecules. Thus, stimulation with TPA enhanced the upregulation of CD203c, CD13, and CD164 but delayed the upregulation of group CD63 molecules, when compared to FcεRI-mediated stimulation. In addition, the inhibitory effect of wortmannin was much more pronounced for group CD63 molecules than for group CD203c molecules. Moreover, IL-3 and prostaglandin D 2 induced the upregulation of CD203c, but not the upregulation of CD63. These observations suggest that CD63 and CD107 are stored in the same granules, whereas group CD203c molecules are stored in separate vesicles. As shown in further supports the view that the signaling cascade involved in the upregulation of CD63 may be distinct from that required for CD203c upregulation. In this context it is tempting to speculate that molecules of the CD63 group are located in AND-associated granules, whereas CD203c group molecules are stored in different compartments. To address this question, studies are under way to analyze the cellular distribution of the described activation markers in detail.
A striking feature of all members of the CD203c group is that they are not only markers of activated but also of resting basophils. In this context it is noteworthy that two of these molecules, CD13 and CD203c, are ecto-enzymes, and that an additional ecto-enzyme, CD26 [50] , follows a similar upregulation kinetic profile as CD13. These enzymes are known to cleave nucleotides and their derivatives (CD203c) as well as N-terminal mono-and dipeptides (CD13 and CD26, respectively). It is therefore likely that ecto-enzymes play an important role in the immediate (earliest) events of basophil activation preceding later events like the release of histamine and other granule-associated mediators.
We have shown that CD164 is differentially expressed on resting and activated basophils. In this context it is of interest that only the peptide class III epitopes are weakly expressed on resting basophils, whereas the N-glycosidase-sensitive class II epitopes and the sialidase-sensitive class I epitopes are not expressed. On activated basophils, the class III epitopes are highly upregulated, the class II epitopes are de novo expressed, and the class I epitopes remain absent. The differential expression of CD164 epitopes on basophils resembles the differential expression on hematopoietic stem cells. In particular, CD34 + bone marrow cells express high levels of class III epitopes and low levels of class I epitopes at low selectivity, whereas the class II epitopes are expressed at high levels and with high selectivity in this population [40] [41] [42] [43] . The highest expression is found in the CD34 + CD38 -fraction [41] . Thus, CD164 epitopes are not only differentially expressed in early hematopoietic stem cell subsets, but also on resting and activated basophils.
Recently, the structurally related lysosome-associated membrane proteins-1 and -2 (LAMP-1 and LAMP-2; CD107a and CD107b) have been identified as activation markers in a variety of cells [36] [37] [38] [39] [51] [52] [53] . Thus, both molecules were reported to be expressed on activated but not resting platelets, and CD107a was shown to be expressed exclusively on cytotoxic NK effector cells but not on other NK cell subsets [53] . Moreover, CD107a is a selective marker to further dissect antigen-specific ("tetramer"-positive) T cells into rare antigen-reactive cytotoxic T effector cells and into regulatory T cells or antigen-specific T cells with other functions [52] . Very recently, CD107a and CD107b were also identified as reliable activation markers for human mast cells. After stimulation with anti-IgE, a rapid translocation of cytoplasmic CD107 molecules to the cell membrane associated with a release of histamine, leukotriene C 4 , and prostaglandin D 2 , was observed [51] . In the current study, we describe a new subset of immune effector cells with an activationinduced expression of CD107a and -to a weaker extent -CD107b. As the CD107a-specific antibody 80280 was submitted to the HLDA8 workshop as specific for dendritic cell subsets, it is possible that CD107a is also a marker for activated dendritic cells. Studies to address this question are in progress.
The identification of novel basophil activation markers as well as the analysis of their upregulation profiles and responsiveness to various inhibitory and activating agents revealed the existence of at least two distinct activation pathways. A well established hypothesis is that fusion of basophil granules to the plasma membrane and the resulting release of histamine are not the first events that can be detected in basophil activation. In the present study we show that upregulation of "group CD203c molecules" is an earlier event that can be easily analyzed by flow cytometer-based methods. We further show that most members of this group are ecto-enzymes which may play an important role in the immediate early events of basophil activation. In addition, we present CD107a as a potential universal activation marker of hematopoietic effector cells including platelets, NK cells, antigen-reactive T cells, mast cells, and basophils. Finally, our data support the hypothesis that upregulation of group CD63 molecules is associated with anaphylactic degranulation (AND) whereas group CD203c molecules are upregulated by other pathways.
